abnormal trafficking of clonal hematopoietic progenitor/stem cells further compounded by aberrant inflammatory cytokine production and abnormal host immune reaction. 2 The current study was designed to evaluate and identify clinical and molecular markers of NHS-EMH in PMF in order to gain better insight into its pathogenesis and facilitate the recognition of patients that could develop NHS-EMH.
The current study was approved by the institutional review board of the Mayo Clinic. Clinical and laboratory data were collected from patients at the time of diagnosis or referral to the Mayo Clinic. The diagnosis of PMF was according to the World Health Organization criteria 3 and risk stratification was assessed according to dynamic international prognostic scoring system-plus score. 4 Screening for JAK2, CALR, MPL, ASXL1, TET2, EZH2, IDH1, IDH2 and spliceosome (SF3B1, U2AF1, SRSF2 and ZRSR2) mutations was performed according to previously described methods.
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The diagnosis of NHS-EMH was performed with radionuclide bone marrow scanning, tissue biopsy or fine-needle aspiration biopsy. Diagnosis of NHS-EMH performed with a computerized tomography or magnetic resonance imaging but without biopsy or radionuclide scan were excluded. Statistical analyses considered clinical and laboratory data collected at the time of diagnosis or referral to the Mayo Clinic. Differences in the distribution of continuous variables between categories were analyzed by either Mann-Whitney (for comparison of two groups) or Kruskal-Wallis (comparison of three or more groups) test. Patient groups with nominal variables were compared by χ 2 -test. Cox proportional hazard regression model was used for multivariable analysis. P-values o 0.05 were considered significant. The Stat View (SAS Institute, Cary, NC, USA) statistical package was used for all calculations.
A total of 704 patients with PMF were studied, and their clinical and laboratory characteristics are listed in Table 1 . The median age was 64 years and 64% were males. Dynamic international prognostic scoring system-plus risk distributions were 14% low, 16% intermediate-1, 37% intermediate-2 and 33% high-risk. Driver mutation distributions were 66% JAK2, 16%CALR type 1/ type1-like, 3%CALR type 2/type 2-like, 5% MPL and 10% triple-negative. Cytogenetic studies were available in 685 patients and included normal karyotype in 61%. Mutations concomitantly analyzed included ASXL1 (n = 467), SF3B1 (n = 401), U2AF1 (n = 445), SRSF2 (n = 461), TET2 (n = 179), EZH2 (n = 363), ZRSR2 (n = 179), IDH1 (n = 185) and IDH2 (n = 186); frequencies were 38%, 9%, 16%, 15%, 18%, 4%, 11%, 4% and 8%, respectively.
We identified 40 patients (6%) as having been diagnosed with NHS-EMH within a median time of 4 years (range: 0-28 years) from initial diagnosis of PMF. The study population was subsequently stratified according to the presence or absence of NHS-EMH ( Table 1 ). The most common sites involved by NHS-EMH were as follows: lungs (34 cases, 85%), paravertebral region (one case, 2%), perirenal and retroperitoneal region (two cases, 5%), cervical and axillar lymph nodes (two cases, 5%) and pericardium (one case, 2%). The majority of the affected patients (35 cases, 87%) were symptomatic, ascribing complaints correlated to the organs involved by NHS-EMH; the remaining patients (five cases, 13%) were asymptomatic and the diagnosis was incidental. In univariate analysis, NHS-EMH was significantly associated with higher leukocyte count (P = 0.01; leukocyte count 411 × 10 9 /l; P = 0.02) and CALR mutational status (P = 0.002). More importantly, none of the above-mentioned other mutations or cytogenetic status showed significant correlation with the occurrence of NHS-EMH in PMF (Table 1) . On multivariate analysis, presence of a leukocyte count 411 × 10 9 /l (P = 0.009) and the presence of CALR mutations (P = 0.0008) retained significance.
The current study highlights for the first time that the presence of molecular and clinical markers, in particular CALR mutations and the leukocytosis 411 × 10 9 /l, are associated with NHS-EMH and may possibly contribute to the pathogenesis of PMF-associated NHS-EMH.
Moreover, these findings might allow the identification of those patients who are at risk for the development of NHS-EMH as well as for those who might benefit from an accordingly tailored diagnostic and therapeutic approach.
